Objective To determine post-operative physical performance factors associated with gait speed in patients surgically treated for hip fracture. Methods Cross-sectional data from 59 patients (16 males and 43 females; mean age, 79.2±9.1 years) who underwent hip fracture surgery were enrolled. Patients completed a 10-meter walk test (10MWT) to assess gait speed. Additional physical performance tests included the Timed Up and Go test (TUG), the Berg Balance Scale (BBS), maximum voluntary isometric contraction (MVIC) of the knee extensors and flexors on the operated and nonoperated sides as well as of the hip abductors (all tested using air-resistance weight machines), and analysis of spatio-temporal gait parameters at about 6 weeks after hip surgery. Results Bivariate analyses revealed a significant positive correlation between the post-operative 10MWT and the post-operative TUG, age, swing phase duration, and gait cycle duration along with a significant negative correlation between post-operative BBS score, MVIC of the knee extensors and flexors on the operated and nonoperated sides, MVIC of the hip abductors, and cadence and stance phase duration. Linear regression analyses revealed that the post-operative TUG (β=0.85, p<0.01), gait cycle duration (β=0.17, p=0.02), and osteoporosis (β=-0.18, p=0.02) were associated with the post-operative 10MWT. Conclusion The presence of osteoporosis, post-operative balance, and isometric muscle strength in the operated and non-operated legs were statistically associated with post-operative gait speed early after hip fracture surgery.
INTRODUCTION
Hip fracture is a major traumatic injury in older adults, often caused by falling. Hip fracture is often associated with age-related bone mineral loss and an increase in the number of comorbidities, which increase the risk of falling. According to the World Health Organization, the number of patients with hip fracture worldwide is expected to increase to 6.3 million by 2050 (from 1.7 million in 1990) [1] . In Asian countries such as South Korea and Japan, where the older population is increasing rapidly, the prevalence of hip fracture is expected to rise annually. Indeed, the number of hip fracture patients in South Korea increased steadily from 47,760 in 2008 to 68,023 in 2012; 83% of fractures occur in patients older than 50 years [2] .
Hip fractures in older adults can have serious consequences, including increased morbidity and mortality, functional deficit, and increased healthcare costs. Functional decline after hip fracture increases the need for help with activities of daily living (ADL) by more than 50% [3] . Thus, most patients with hip fracture require surgery to improve mobility, independence, and quality of life. Unfortunately, the majority of patients with hip fracture have not regained pre-fracture functional status at 1 year post-surgery [4, 5] . According to a previous study, only about 50% of patients regain their pre-injury independent walking ability at 1 year after hip surgery; most have difficulties with ADL [6] .
Recovery of gait function after hip surgery is a major concern for both physiatrists and patients and is considered a major factor for estimating prognosis with respect to post-operative physical function. Thus, intensive postoperative rehabilitation after hip fracture surgery focuses on improving basic mobility and gait. Additionally, organized rehabilitation strategies are also important because they can prevent further falls.
In a previous study, Ingemarsson et al. [7] suggested that among the many gait parameters, gait speed has been used most often to describe recovery of gait function in older adults. Gait speed is an attractive outcome measure for hip fracture because it is easy to measure, requires no special equipment, and measures a physiological impairment [8] . Physical therapy and rehabilitation programs may improve mobility in patients with impaired gait. Follow-up measurements of gait speed could be used to monitor treatment outcomes. Several authors have suggested that measuring gait speed is important to evaluate patient improvement during different stages of the rehabilitation program [9] [10] [11] [12] . The relationship between knee extensor strength and physical performance is well established in hip fracture patients. A decline in knee extensor muscle strength is correlated with problems in mobility factors such as gait speed and balance [13] . Increase of strength may, through correlation, be explained by peripheral changes in the skeletal muscle mass and quality [14] .
Additionally, our authors wanted to study gait speed and other related factors, which were selected from existing studies. For example, Lamb et al. [15] reported that lower extremity strength, balance, and pain are associated with gait speed in hip fracture patients at 1 week postsurgery, and Whitehead et al. [8] suggested a significant correlation between gait speed, the Modified Barthel Index, the London Handicap Scale, the Berg Balance Scale (BBS), the Falls Efficacy Scale, and the Activities-specific Balance Confidence Scale at 4 months post-surgery. Madsen et al. [16] found a statistical relationship between age, height, weight, number of months since fracture, isokinetic quadriceps muscle strength, and maximum walking speed in patients who developed a hip fracture 3-36 months previously.
However, few studies have examined the correlation between gait speed and objective performance status, particularly during the early period after hip fracture surgery. Identification of post-operative physical performance factors that affect gait speed early after hip fracture surgery is vital. Particularly, it is important to identify the important factors at this time, at the crosssectional study point of this study, when the acute treatment is complete and the patient is discharged home.
This study hypothesized that there are correlations between objective performance-based physical function and gait function early after hip fracture surgery. Therefore, this study aimed to identify objective performancebased physical parameters that affect gait performance by evaluating gait speed, which is closely related to walking ability.
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MATERIALS AND METHODS

Participants
This was a cross-sectional study evaluating the correlation between objective performance-based physical function and gait function early after hip fracture surgery.
The study enrolled 59 older adults (16 males and 43 females; mean age, 79.2±9.1 years) with hip fracture who underwent surgery at the Department of Orthopedic Surgery in Jeju National University Hospital between December 2014 and December 2016 ( Fig. 1 ). Patients were transferred to the rehabilitation department approximately 4 weeks after surgery. Patients who met the following inclusion criteria were enrolled: (1) hospitalized between December 2014 and December 2016; (2) aged ≥65 years; (3) acute unilateral hip fracture-femoral neck, intertrochanteric, subtrochanteric, femur (midshaft or trans-cervical); and (4) the ability to walk independently with or without an ambulatory aid. Surgical treatments included total hip arthroplasty, bipolar hemiarthroplasty, and closed reduction and internal fixation. The exclusion criteria were: (1) other causes of operation than hip fracture (infection, arthritis, loosening of the insert, or avascular necrosis); (2) acetabular fracture, peri-implant fracture, or pathological fracture due to tumor; and (3) multiple fractures. Fortunately, no patient experienced delirium during the study period. The study protocol was approved by the Institutional Review Board of Jeju National University Hospital (No. 2018-01-002). Written informed consents were obtained.
Rehabilitation protocol
All patients underwent an intensive rehabilitation program that included progressive resistance strengthening exercises, gait training, and balance training. No weightbearing exercise was performed for 1 week after surgery; from the second week after surgery, a standard rehabili-tation program was implemented in the Department of Orthopedic Surgery, starting with tilt table exercises and proceeding to p-bar gait training. Progressive resistance strengthening exercises were started from 10%-20% of each patient's one-repetition maximum (1RM). About 2 weeks after surgery, the following intensive rehabilitation program was implemented at the Department of Rehabilitation. Progressive resistance strengthening exercises comprised concentric leg extension, leg curls, and hip abduction using air-resistance machines (HUR Co., Kokkola, Finland). Exercises (3 sets of 15 repetitions) were performed at 30% of the 1RM. Each session lasted 30 minutes. The 1RM was reassessed every week; the resistance was increased gradually until the patients could perform 60% of their 1RM for 3 sets of 10 repetitions. Gait training began on a tilt table and/or parallel bars. If the patient could complete about 10 rounds on the parallel bars without rest, they progressed to the Alter G antigravity treadmill (Model M320; Alter G Inc., Fremont, CA, USA). Subjects started to walk at a comfortable speed with 50% body weight support (BWS) and progressed by adjusting gait speed and/or the degree of BWS. Balance training was performed using a THERA-Trainer apparatus (Medica Medizintechnik GmbH, Hochdorf, Germany). All rehabilitation programs were performed twice per day (gait training was performed daily, and strength exercises and balance training were performed on alternate days), 5 times per week for 2 weeks. All sessions were supervised by physical therapists.
Outcome measures
All patients were assessed by a skilled physical therapist approximately 4 to 5 weeks post-surgery. Physical performance function tests included the 10-meter walk test (10MWT), the Timed Up and Go test (TUG), the BBS, the 1RM of leg extension and leg curls on the operated and non-operated sides, and hip abduction. Instrumental analysis of gait-related spatio-temporal parameters was also performed.
10MWT
This test is a simple gait assessment to determine walking speed. The time taken to walk 10 m is measured using a stopwatch and walking speed is calculated by dividing the distance covered by the time taken (m/s) [17] . The higher the value of 10MWT, the slower the gait speed Fig. 1 . Flowchart of the study subjects.
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TUG
The TUG started from a seated position in a standard armchair (seat height=46 cm). The patient was instructed to get up from the chair, walk 3 m (with their usual walking aid) to a line of colored tape placed on the floor, turn around, return to the chair, and sit back down. The stopwatch started when the patient's buttocks lifted from the seat and stopped when the buttocks retouched the seat [18] . The higher the TUG value, the lower the gait speed value.
BBS
The BBS is an objective measurement of dynamic balance obtained while performing 14 functional tasks. Items on the BBS are scored on a scale of 0 to 4 points, with a maximum summed score of 56; higher scores indicate better balance and functional independence with respect to activities tested. The Korean version of the BBS has been validated [19] .
Measurement of lower limb strength
Isometric strength of the knee extensors, knee flexors, and hip abductors was measured using a stationary dynamometer (HUR Co.) which uses a hydraulically powered lever arm that measures the isometric contraction of these muscle groups. The subject sat on a chair while grasping the handles on both sides. In extension, the knee angle was 120° (full extension=180°) and the hip angle was 110°. In flexion, the knee angle was 140° and the hip angle was 110°. In abduction, the angle between the two legs was 15° and the hip angle was 110°. The subject was instructed to exert maximal force during extension, flexion, and abduction and to maintain the position for 5 seconds. Two trials were conducted for each leg, with 2-minute rest in between. When measuring knee extensor and flexor strength, the two legs were measured separately. Measurements always began with extension of the right knee. When measuring hip abductor strength, both legs were measured simultaneously.
Gait analysis
Spatio-temporal variables related to gait were measured using a validated 24 wireless inertial sensing device (G-Walk; BTS Bioengineering S.p.A., Milan, Italy). A semi-elastic back-belt device worn around the waist measured acceleration values for the three anatomical axes (anteroposterior, mediolateral, and vertical). Patients were instructed to walk 8 m at a comfortable speed as naturally as possible. The gait data were collected and transmitted via Bluetooth to a personal computer where they were processed using the BTS G-Walk system (dedicated software that measures gait variables such as gait speed, cadence, stride length, duration of gait cycle, stance phase, swing phase, and double support) [20] .
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Statistical analysis
All statistical analyses were performed using SPSS version 20.0 for Windows (SPSS Inc., Chicago, IL, USA). All variables were subjected to descriptive statistical analysis. A t-test analysis was performed to identify the difference between the sexes. Pearson correlation analysis was calculated to assess relationships between gait speed and objective performance-based physical function values. Multivariate regression analysis using a backward selection linear regression model was used to determine which objective performance-based physical function variables and demographic variables including body mass index and comorbidities best explain gait speed early after hip fracture surgery. We controlled the age and sex variables. Moreover, the backward stepwise linear regression analysis was performed by using the values derived from the significant result by bivariate analysis. Additionally, correlation and regression analyses were performed for both sexes. A p-value of <0.05 was considered statistically significant.
RESULTS
Baseline demographic and disease-related characteristics are presented in Table 1 . The mean RM admission duration was 17.4±5.3 days. Of the 59 patients enrolled, 33 (55.9%) had an intertrochanteric fracture; 42 (71.2%) underwent closed reduction and internal fixation. Ad-ditionally, 45 (76.3%) had osteoporosis and 6 (10.2%) had dementia. The mean visual analog score (VAS) was only about 2.3. Among the patients, 55 were using ambulatory aids and only 4 could walk independently. There were no infections, wound-related complications, nerve injuries, or any other post-operative problems. www.e-arm.org
Post-operative evaluation of physical performance after hip fracture surgery
The average scores/results for the post-operative objective performance-based physical function test are presented in Table 2 . In subgroup analysis in terms of the sexes, male had faster TUG (p<0.01), gait cycle duration (p=0.04), and cadence (p=0.04); higher BBS (p=0.07); and greater 1RM of non-surgical knee extensor (p<0.01), 1RM of surgical knee flexor (p<0.01), and 1RM of non-surgical knee flexor (p<0.01) than females.
Correlation between gait speed and objective performance-based physical function after hip fracture surgery
Bivariate analyses revealed a significant positive correlation between gait speed and the TUG (r=0.85, p<0.01), gait cycle duration (r=0.49, p<0.01), and swing phase duration (r=0.35, p<0.01), but a negative correlation with BBS (r=-0.69, p<0.01), MVIC of the knee extensors on the operated side (r=-0.35, p<0.01), MVIC of the knee extensors on the non-operated side (r=-0.40, p<0.01), MVIC of the knee flexors on the operated side (r=-0.44, p<0.01), the 1RM of the knee flexors on the non-operated side (r=-0.41, p<0.01), the 1RM of the hip abductors (r=-0.25, p=0.04), cadence (r=-0.53, p<0.01), and the duration of the stance phase (r=-0.26, p=0.02) ( Table 3 ). In the abovementioned data, positive and negative signs indicate the direction of association with the gait speed. Positive direction is expressed when gait speed becomes faster as each variable increases, and the negative direction is expressed when each variable becomes smaller as gait speed becomes faster.
In the bivariate analyses of both sexes, gait speed showed a significant correlation with the TUG (p<0.01), BBS (p<0.01), 1RM of non-surgical knee extensor (p=0.04), cadence (p<0.01), and gait cycle duration (p=0.02) in males and with the TUG (p<0.01), BBS (p<0.01), 1RM of surgical knee extensor (p=0.03), 1RM of surgical knee flexor (p<0.01), 1RM of non-surgical knee flexor (p=0.04), cadence (p<0.01), gait cycle duration (p<0.01), and swing phase duration (p<0.01) in females. Additionally, the VAS score was not statistically significant in the entire group and in each group of males and females. 
DISCUSSION
This study evaluated the association between objective performance-based physical function and gait speed early after hip fracture surgery. The results demonstrated a significant association between gait speed and balance and between gait speed and muscle strength of the surgical and non-surgical legs during the early period after hip fracture surgery. Presence of osteoporosis also affected gait speed. As described in results, in the subgroup of both sexes, gait speed showed a significant correlation with many factors. Even in the differences between the sexes, the results were similar to those of the whole group. In a previous study, Thingstad et al. [21] www.e-arm.org determined that gait speed is a strong indicator of gait function. Morri et al. [22] reported that the gait speed is impaired on discharge after hip surgery; therefore, physiotherapy protocols conducted during the acute phase after surgery should focus on this to improve the patient's walking ability and efficiency.
To analyze the causes of these results, this study selected the main factors that were similar to those found in a previous sample of older people, supporting the view of a more universal gait model [23] . Kline et al. [24] showed that lower extremity strength and balance stability predict gait speed after hip fracture. Moreover, this study considered the effects of hip surgery on walking such as gait speed, shortening and decreased cadence, increased double support time, decreased step length, and increased single support asymmetry during gait analysis in another study [25] . In another study, Whitehead et al. [8] suggested that patients with hip fracture had slower gait speed, which may reflect lower limb strength and lower balance ability.
Based on our prior research, in this study, we have attempted to identify factors that affect gait function, including those associated with a poor outcome, by objective measurement of the physical function of patients early after hip fracture surgery. Among the many different gait parameters, previous studies have suggested that gait speed may be the most useful parameter for assessing the functional effects of hip fracture surgery and for monitoring recovery.
In this study, we found that the mean gait speed of our cohort at about 4 to 5 weeks post-hip fracture surgery was 0.4 m/s. This appears to be an improvement over a study of 304 patients that reported a mean gait speed of 0.47 m/s after 12 months [26] . Unfortunately, we found that the gait speed of our cohort was much slower than that of age-matched healthy controls from another study; further, the mean gait speed for older adults in this age group was about 1.0 m/s [27] [28] [29] . This result suggests that more intensive therapeutic strategies may be necessary to facilitate the recovery of gait function to the levels observed in healthy people of a comparable age. Another notable point of this study, as seen in the bivariate analyses of both sexes, was that gait speed showed a significant correlation between the TUG, BBS, and the 1RM of the non-surgical knee extensor; cadence; and gait cycle duration in males and the TUG, BBS, and 1RM of the surgi-cal knee extensor; the 1RM of the surgical knee flexor; the 1RM of the non-surgical knee flexor; cadence; gait cycle duration; and the swing phase duration in females. Apart from the common factors among the analyzed variables, the difference was seen in the 1RM measurement. In case of the knee extensor and gait speed mentioned above, it can be analyzed as follows. Decline in knee extensor muscle strength is correlated with mobility problems such as gait speed, balance, and stair-climbing ability in hip fracture patients [14] . In the previous study, muscle strength of the man was stronger than that of the woman [30] . Woodward et al. [31] suggested that men performed better in tests of knee extensor strength than women after 4 weeks of the exercise program in patients with hip fractures; however, these between-sex differences in knee extension strength were no longer evident once adjustments were made for body weight.
Most importantly, this study shows that the post-operative TUG can predict post-operative gait speed. Moreover, in the bivariate analyses of both sexes, gait speed showed a significant correlation with the TUG.
A possible explanation for our results is that performance in the TUG depends on a combination of walking ability, lower limb strength, and balance (owing to the sit-to-stand and turn-around components); therefore, it involves neuromuscular components such as strength, agility, and balance. Taking this finding into consideration, our results have important clinical implications in that balance training combined with strengthening of the lower limbs could improve gait speed, thereby increasing functional mobility in hip fracture patients. In a previous study, Freter and Fruchter [18] reported a good linear relationship between gait time and the TUG in an orthopedic rehabilitation population comprising older adults, which was similar to our results. Nankaku et al. [32] found that the TUG is a useful predictor of ambulation ability at 6 months post-surgery.
The BBS score was associated strongly with postoperative gait speed. In the bivariate analysis, it was also a significant factor affecting both sexes. These results show that balance ability is also sufficiently related to gait speed. Several previous studies support these findings. Whitehead et al. [8] showed a significant relationship between the BBS score and gait speed of patients with hip fracture and Radosavljevic et al. [33] reported a significant relationship between the BBS score and functional www.e-arm.org status.
Here, this study used both the TUG and BBS to evaluate balance and function, and both tests showed a significant correlation with gait speed, indicating that balance training soon after surgery improves gait speed.
Isometric strength of the hip abductors was associated with post-operative gait speed. Leijendekkers et al. [34] found that hip abduction strength on the operated side was on average 23% lower than that on the nonoperated side, and Kubota et al. [35] demonstrated that hip abductor muscle strength was significantly correlated with the peak hip abduction moment; indeed, a reduced hip abduction moment after hip fracture may result in an abnormal hip motion, which could slow gait speed. Kline et al. [24] found that the strength of the hip extensors and hip abductors on the operated side predicted gait speed after hip fracture. Based on these studies, analysis of hip abduction is of significance. However, in this study, we could not measure the strength of the abductors in each hip individually due to the design of the machine (although the strength of the quadriceps and hamstrings was measured separately). Additionally, the isometric strength of the knee extensors and flexors was associated with gait speed. In previous studies, we found that the strength of the quadriceps and hamstrings muscles on the operated and non-operated sides showed a significant correlation with gait speed. Lamb et al. [15] suggested that leg extensor power (LEP) on the operated side is the main factor that accounts for differences in gait speed. LEP on the non-operated side was also a predictor, but that result only accounted for 22% of correlation. Portegijs et al. [36] suggested that weaker lower extremity power of the non-fractured leg at 1 week postsurgery correlated significantly with slower gait speed and stair-climbing speed and predicted poorer mobility at 12 weeks. Moreover, cross-sectional analyses suggested that a large asymmetrical difference in lower extremity power was associated with slow stair-climbing speed at 1 and 13 weeks, but not with gait speed. The results of the above studies suggest that muscle strength in both legs is related to gait speed, and that differences between the two legs do not have a significant effect.
In the correlation analysis, VAS score was 2.3, which was not significantly correlated with gait speed. Perhaps, the pain medication at the time of the rehabilitation treatment showed that the pain was controlled smoothly.
In a similar study, Thingstad et al. [21] suggested that pain was not a significantly associated factor among the key variables following hip fracture.
Finally, the multivariate linear regression analysis showed that the TUG, osteoporosis, and gait cycle duration were significantly correlated with gait speed. Interestingly, in addition to the physical performance-based parameters we mentioned, osteoporosis was a significant factor for both sexes. Our results regarding gait speed were similar to those stated by Lindsey et al. [37] , who reported an association between gait speed and bone mineral density (BMD). Dostanpor et al. [38] also suggested that gait speed was associated with low BMD or aging. This association implies that BMD management can also be an important factor in the rehabilitation process of patients with hip fracture.
This study has several limitations. First, it was a crosssectional analysis without follow-up; therefore, it was not possible to monitor changes between baseline and follow-up. Because this study did not include pre-operative status due to cross-sectional analysis, it could not analyze the effect of pre-operative status on the present. Second, it may be difficult to estimate outcomes and reach a definitive conclusion because 4 to 5 weeks after hip fracture surgery is very early. Third, in this study, only the patients who met the gait criteria were included, so this criteria was not enough to represent all patients who underwent hip surgery. Fourth, this study did not address causal relationships as the study had a cross-sectional design without a control group. Finally, only 4 of 59 patients were capable of independent gait at the time of evaluation. The number of patients was unfortunately too small to perform a subgroup analysis. Therefore, further prospective and experimental studies are warranted to determine causal relationships between the variables studied herein and the effects of our intensive rehabilitation program.
In conclusion, we provide evidence of a significant association between gait speed and objective performancebased physical function. Additionally, balance ability and isometric muscle strength on both the operated and nonoperated legs as well as the presence of osteoporosis were important explanatory factors for functional recovery after hip fracture surgery (as reflected by gait speed during the early post-operative period). These findings suggest that management of osteoporosis and rehabilitation www.e-arm.org strategies that focus on improving balance and muscle strength in both legs (especially that of the hip abductors, knee extensors, and knee flexors) could help recovery of gait function during the early stages after hip fracture surgery.
